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Introduction
The recent adoption of the Next Generation Science Standards (NGSS Lead States, 2013) has added engineering content prominently to pre-college science education. The implementation details will significantly impact whether or not the new standards contribute towards increased STEM literacy among elementary and secondary education students. Optimistically, the infusion of engineering could inspire, inform, and contextualize science and math instruction, and the literature supports the idea that such context strengthens student engagement ( (Banilower et al., 2013) . Therefore, without a strong infrastructure supporting teacher professional preparation and development, simply adding new content is not likely to achieve the intended goals (Guzey et al., 2014) .
The authors of this work are affiliated with an NSF-funded STEM-C project STEM-C project in partnership with the Des Moines Public Schools (Trinect) which deploys a new model of teacher preparation through a multi-pronged, team-based approach. The project has completed three semesters of activity involving cohorts of student teachers, cooperating teachers, and engineering students. Through these efforts, we have observed several gaps in student teacher preparation, including: (1) understanding of the nature of engineering, (2) knowing the distinction and synergy between science and engineering, and (3) understanding what constitutes reasonable and relevant engineering content for grades 3 -5. The efforts described herein are directed at improving student teacher preparation through a short, non-credit workshop.
Materials and Methods
In spring 2016, we developed an outline for a 3 credit hour course for pre-service teachers in the School of Education, entitled Engineering Principles for Elementary Educators. The course aimed to serve as an introduction to engineering approaches to problem solving, including problem identification, criteria and constraint setting, synthesis, analysis, and iteration. We expected it to address the NGSS, and to provide exposure to the applications of fundamental engineering principles to analyze systems as part of the engineering design process. We also intended to provide students with experience using spreadsheet programs to solve engineering problems and present engineering solutions. We identified four key course outcomes, with the first three directly derived from the NGSS, as follows: (1) As we delved into course planning, concerns about faculty and student time commitment for a full-semester course surfaced. We began to consider using a workshop (or short course) format instead, in part because in a variety of short (ca. 1 h) interactions with primary and secondary school teachers over the years, we had observed that significant progress could be made in short amounts of time. Additional potential benefits of a workshop format included enabling greater participation at lower total time investment of students and faculty, as well as providing insight into how to structure a full-semester course in the future.
Based on an informal assessment of our availability, as well as on knowledge of student availability, we constrained the short course to three half-day sessions, to be offered consecutive Saturdays prior to the midpoint of the 15-week semester. With approximately 12 contact hours available, we developed a streamlined course learning goal, articulated as follows: Participants in this course will be able to explain the engineering design process, and in particular the role and importance of constraints, criteria, testing, analysis, iteration, and failure in the context of engineering design. They will also understand how engineering and science differ, and how they complement each other.
We agreed to strive to employ, in each day of the workshop, several approaches that would provide coherence and continuity to the program, despite it being offered by three instructors, as follows:
 Repeatedly link to real world examples -e.g., pedestrian bridge, full-scale bakery, etc.  Emphasize the importance of iteration and the acceptability of failure  Ensure that there is reflection time each period to discuss how the content of the day might be incorporated into the math or science classroom.
The summary plans for each day were as follow: Day 1: Pre-assessment. What Do Engineers Do? Similarities, differences, and synergisms between engineering and science. Bridge Building -defining and working toward criteria, and within constraints. Day 2: Baking Like an Engineer. What to do when the answer's not in the book: test engineer approaches; simple experimental approaches; data presentation; data analysis. Day 3: That Bridge Again -returning to an engineering problem with more context. Rapid and efficient assembly lines -hands on with industrial engineering. Post-assessment.
We used a multi-pronged recruitment approach for pre-service students. We advertised via an email list-serve which we created of all students accepted into the educator preparation program, omitting those who were already at the student teaching phase. We distributed similar information to educator preparation instructors and asked that they discuss it with their students. In all cases, interested participants responded to an online poll.
To assess the workshop effectiveness, we administered the design, engineering, and technology (DET) survey (Hong, Purzer, & Cardella, 2011 ) to all workshop participants on the first and last day. The DET survey includes 40 items that are rated on a five point Likert scale, and is designed to assess teachers' perceptions of engineering and familiarity with teaching engineering, engineering design, and technology. One additional open ended question, as well as four 5-point Likert scale questions asking students about the four course outcomes, with the prompt, "to what extent do you feel able to..." were included in the survey.
The survey data contained both quantitative and qualitative data that were analyzed separately and merged to provide an overall interpretation (Creswell & Plano Clark, 2011) of the extent to which this workshop addressed the identified needs of the pre-service teachers. The DET survey questions were analyzed individually as well as according to the four subscales: Importance of DET, familiarity with DET, stereotypical characteristics of engineers and characteristics of engineering. Data analysis is still ongoing, but the preliminary results presented below looked at pre/post changes in participant's survey responses.
Results and Discussion
The program started with 10 students enrolled. One dropped due to illness, so on the second and third days, attendance was 9. The students were highly engaged both during the lecture and design / experimental phases of the class. The overall structure of lesson -hands-on -reflection seemed to work well, as did the low student-to-faculty ratio.
Because one student dropped while another lost their ID, it was not possible to do anonymous matching of pre-post responses. Instead, we took the group average responses on each of the preand post-questions, as shown below in Table 1 , (which is not inclusive of all questions, for space reasons).
As seen in Table 1 , students indicated a 0.9 (2.5  3.4) increase in their familiarity with design, engineering, and technology; a 1.7 (2.1  3.8) increase in confidence in incorporating design, engineering, and technology in their classrooms; and a 0.9 (2.1  3.0) increase in their knowledge and familiarity with NGSS. When asked about the qualities of a typical engineer, notable increases (>0.5 Likert points) were seen in categories of (a) works well with people, (b) has good verbal skills (0.87), and (c) has good writing skills (tabulated data not shown). We believe these collectively reflect our repeatedly discussing the breadth of types of work in which engineers engage.
As shown in Table 2 , the course appeared to have succeeded in meeting its key learning outcomes. Participants reported large increases in their ability to define an engineering problem, synthesize and evaluate solutions, and explain what engineering is and what engineers do. We are cognizant of the small n associated with this work, and would caution against drawing any overarching conclusions from these preliminary results. 
Conclusions
This short-course approach to provide pre-service educators with a grounding in engineering appears to have succeeded in its baseline goals of helping pre-service teachers with no background in engineering develop a better understanding of the nature of engineering, appreciate the distinction and synergy between science and engineering, and improve their preparedness for including engineering, engineering design and technology in their future classrooms. These preliminary results suggest the engineering workshop model, like the one highlighted in this work, may be a time-effective mechanism for providing teacher-education program graduates with basic engineering content knowledge. Future research is needed to assess how well the workshop models prepares them for classroom teaching and to document if workshop participants are inspired to partake in deeper professional development opportunities centered around engineering education.
